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WATER QUALITY AND BENTHIC INVERTEBRATE
COMMUNITIES INLAKE GREESON TAILWATER
STEPHEN B. SMITH
U.S. Fish and Wildlife Service
Multi-Outlet Reservoir Studies
Arkadelphia, Arkansas 71923
ABSTRACT
The Little Missouri River below Lake Greeson, Arkansas, was sampled for water quality and benthos
during summer 1979. The hydropower turbine water intakes, 20 m below the lake surface, released
hypolimnetic water into the tailwater. Downstream water temperatures, total organic matter, and total inorganic matter varied considerably and benthic invertebrate communities immediately below the dam were
stressed by waters released forpower generation. Detrimental effects from altered temperature and flow
regimes had decreased by 16.1 km downstream, where invertebrate communities were typical of less
stressed environments.

INTRODUCTION
Lake Greeson, Arkansas and its associated tailwater were selected
by the National Reservoir Research Program (U. S. Fish and Wildlife
Service) and the Waterways Experiment Station (U. S. Army Corps of
Engineers) for studying the effects on reservoir and tailwater environments of variable hypolimnetic reservoir water releases during
hydropower operations. A deep-release reservoir may result inlow water
temperatures and poor water quality and an altered tailwater environment (Neel, 1963), resulting in stressed benthic communities with low
diversity and high standing crops (Young et al., 1976). The purpose
of this paper is to describe the water quality and benthic populations
of Lake Greeson tailwater and to compare these benthic populations

Total organic matter, total inorganic matter, and total dissolved solids
were determined from a 10 liter sample of surface water. Coarse
particulate matter was retained after filtration of the sample through
an 0.08-mm mesh net. About 1 liter of the filtrate was then filtered
through a pre-ashed and preweighed glass fiber filter to obtain fine
particulate matter. About 500 ml of that filtrate was evaporated in a
preweighed aluminum pan at 105 °C to determine total dissolved solids.
Filter papers with coarse and fine particulate matter were dried at 60°C
for 24 hours, dessicated, and reweighed. The inorganic fraction of total
particulate matter was determined byashing the filter papers at 550 °C
for 20 minutes, cooling under disiccation, and reweighing. Total organic
matter was determined bysubtracting inorganic portions from total particulate matter.

with those from the riverabove the reservoir and from another tailwater.

STUDY AREA

I

I

Lake Greeson, impounded in 1950, is a 2,940-hectare reservoir on
the Little Missouri River in the Ouachita River Basin; mean and
maximum depths are 11 and 44 m. Hypolimnetic water is released into
the tailwater from penstocks 20 m below the lake surface. Releases are
highly variable and range from 0.3 m'/sec ofdam leakage to 92 mVsec
during maximum power generation.
Physicochemical characteristics in Lake Greeson were measured
immediately above the dam. Water quality and benthos collections were
made at three locations in the tailwater. Distances downstream from
the dam and sampling depths were as follows: Station 1, 0.5 km,
m; and
K. 0.5 m; Station 2 (a riffle-pool association), 10.5 km,
Station 3 (also a riffle-pool association), 16. 1 km, 0.4 m. Lake Greeson
and Station 1 are located in the Ouachita Mountains physiographic
province and Stations 2 and 3 in the Gulf Coastal Plain. A tributary
(Muddy Ford Creek) and a gravel processing plant are about 2.4 and
5.0 km upstream from Station 3, respectively.

Benthic invertebrates were sampled from May to September 1979.
Substrates at Stations 1 and 3 were washed for 2 minutes in a Hess
sampler, with a 0.240-mm mesh netting, and preserved in 10% formalin.
Artificial substrate samplers were used at Station 2 where they were
allowed to colonize for about 6 weeks, removed, and preserved in
formalin.
Invertebrates were sorted, identified to the lowest taxon possible,
counted, and measured to obtain mean lengths of representative forms.
Dry weight biomass was determined by oven drying the organisms at
60 °C for 24 hours. Length-weight relations and regressions were
calculated for various benthic groups. Biomass (not adjusted for preservative) and abundance were expanded to milligrams and numbers per
square meter.
The Shannon-Weaver diversity index was calculated from mean
invertebrate densities at each sampling station. The equation
H = £ (P;) log2 Pi was used to express diversity (H), where s is the
number of species and P; is the proportion of the total sample belonging to the ith species (Krebs, 1972).

-

METHODS

RESULTS

quality samples were collected on five dates between May and
tober 1979. Water temperatures, specific conductance, alkalinity,pH,
d dissolved oxygen were measured at selected depths in the reservoir
and in the tailwater. Additional water samples for total iron, total
manganese, and ammonia nitrogen concentrations were preserved with
dilute sulfuric acid and returned for analysis by the Chemistry Department, Ouachita Baptist University.

Water Quality
The top of the thermocline in Lake Greeson was at a depth of6 to
7 m in mid-June and 14 m by October. A negative heterograde
dissolved oxygen distribution began at about these depths during this
period. The thickness of the anoxic zone was 8 m in July and increased
to 13 m by September. InSeptember and October, the 20-m deep reservoir outlet was within the anoxic layer. Conductivity ranged from 27

Water
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—

to 93 /^mhos/cm and alkalinity from 4 to 12 mg/1;
both were highest
in the hypolimnion during late summer and fall. InOctober, when the
water at the 20-m turbine intake level was anoxic and in a reduced state,
total ironand manganese were present at concentrations of 3.0 and 0.7

mg/1, respectively.

Table 2. Mean number and in parentheses, percent composition of
benthic invertebrates in Lake Greeson tailwater from May to September
1979.
Taxon

Variations in tailwater temperature and dissolved oxygen were
dependent on how soon measurements were taken following a
hydropower release. Dissolved oxygen in the tailwater was usually above
6 mg/1; it was usually higher near the dam than at the downstream
stations, except during July and September, when recent power generation resulted in lower dissolved oxygen upstream. Conductivity was
always higher at Station 3 than at the upstream stations or at 20-m depth
in the reservoir. Alkalinity increased in the tailwater during September
and October as a result of the higher alkalinity in the water released
from the reservoir. Total iron and manganese in the tailwater were
generally less than 0.5 and 0.2 mg/1, respectively depending on
concentrations at the 20-m power intake depth. Aeration resulted in
the precipitation ofiron and manganese oxides and consequently lower
total iron and manganese concentrations downstream (Table 1).
Concentrations of total organic matter were similar at Stations 2 and
3 and at the reservoir surface; that at Station 1 was characteristic of
hypolimnetic reservoir water
high in nutrients, but low in organic
material. Inorganic matter was higher than organic matter at all three
tailwater sites. Total dissolved solids averaged 57 mg/1 inthe tailwater,
78% higher than at the reservoir surface; they were highest at Station
3, where the total dissolved solids may have been increased by inflow
from the gravel processing plant and Muddy Fork Creek (Table 1).

—

Benthos
Mean densities of benthic invertebrates decreased as downstream
distance from the dam increased. Percentages of Hydra, Chironomidae,
and Oligochaeta were similar at Stations 1 and 2 (Table 2). Seasonal
variations of most benthic invertebrates were not apparent at the
upstream stations. However, Hyalella azteca was most abundant at
Station 1 in July and September, and Hydra at Stations 1 and 2 in May
and June. Hydracarina, Ephemeroptera, Plecoptera, Coleoptera, and
Mollusca were most abundant at Station 3, although the mean total
invertebrate densities were lower there than at the upstream stations
(Table 2). At Station 3, populations of oligochaetes, Hydra, and
chironomids peaked in May and June and Hydracarina in September.
A total of 36 benthic invertebrate taxa was collected in the Lake
Greeson tailwater; 14 were collected at Station 1, 16 at Station 2, and
26 at Station 3. Mean invertebrate biomass was lowest at Station 1 and

1

Station
2

3

(25.0)
1252
3

(30.5)

1366

(25.1)
697

(2.1)
101

(0.1)
5

(0.8)
22

(33.6)
1627

(35.5)
1590

(4.4)
123

Amphipoda
Hyalella azteca
Gammaridae

(8.3)
402

(0.5)
21

(0.3)
6
3

Isopoda
Asellua sp.
Llrceus sp.

(0.5)
12
12

(0.0)

(0.5)

Ephemeroptera
Baetis sp.

(0.0)

(2.6)

(41.4)
12
6
976

Annelida
Oligochaeta
Hirudinea
Nematoda
Coelenterata
Hydra sp.
Hydracarina

7

15

Ephemerella sp.
Immature Heptagenildae

•

sp.
sp.

120

Rhlthrogena

Stenonema

Paraleptophlebia

sp.
(+)
3

Trichoptera
Hydroptilla sp.

110
4

3
34
40

(0.3)

(0.0)

Oecetls sp.

2

Plecoptera

+ )

(0.0)

(9.1)
34

(29.3)

(31.0)

(9.6)

24
1314
12
61

2
1271
16
61
9

(

sp.
Perlesta sp.
Neoperla

3
sp.

Taenlopteryx

218

Diptera
Chaoborus sp.
Chironomidae
Tanypodinae
Chironomidae pupae
Chironomidae adult
Tipulldae

3

Coleoptera
Elmidae larvae
Elmidae adult

(0.1)

Mollusca

(0.0)

218
18
15
3
6

(0.0)

(2.3)
55
9

(0.0)

(2.2)

6

Muscullum sp.

52

+ Less than 0.1Z

Table 1.

Range

and mean values of
Temper-

Sites

ature

water quality characteristics

Dissolved
Oxygen

Conductivity

in Lake Greeson

Alkalinlty

(20 m

intake

level) and tailwater, May through October 1979.

Total*/

Totali/

Total
Iron

Total
Mangan-

(mg/1)

ese
(mg/1)

matter

matter

(mg/1)

(mg/1)

organic

Inorganic

Totaldissolved
solids

CC)

(mg/1)

(pmhos/
cmj

(mg/1 as
CaCoQ

11-14
13

0.2-8.2
3.7

30-45
35

4-12
7

0.1-3.0
0.8

0.0-0.7
0.3

0.8-1.7
1.1

0.0-2.3
1.0

21-60
32

Station 1

14-21
18

5.6-9.6
7.9

28-36
32

3-9
5

0.2-0.8
0.4

0.1-0.4
0.2

0.0-1.7
0.9

0.4-2.5
1.4

9-81
50

Station 2

14-24
18

6.5-8.8
7.3

28-36
32

4-8
5

0.2-0.5
0.3

0.0-0.2
0.1

0.1-2.2
1.2

1.5-3.5
2.6

30-57
41

Station 3

16-26
20

6.4-8.6
7.5

38-80
55

4-14

0.2-0.4
0.3

0.1-0.2
0.1

0.2-1.9
1.2

0.4-7.6
3.6

37-99
76

Reservoir

(mg/1)

Tailwater

8

'Samples taken from surface.
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increased

downstream. Biomass was dominated byDiptera, Oligochaeta,

and Hydra at Station 1, by Ephemeroptera and Diptera at Station 2
and by Ephemeroptera and Plecoptera at Station 3 (Table 3).
The community diversity index was 2.19 at Station 1 and 3.02 at
Station 3. At Station 2 the index was lower (1.86), where it was influenced by the selectivity of the artificial substrate samplers (Table 3).

Table 3. Density, number of taxa, biomass and community
of benthic communities in Lake Greeson tailwater 1979.
Density

3

Tallwaten
Greeson

1979

Tdxoi

6

Nematoda

6

7

Amphipoda

8

8

7
3

Little Missouri

River!/
1980;

6

Community

£NoJ

Taxa

Biomass
(mK/m2)

14

252.8

2.19

Isopoda

4477

16

345.0

1.86

Diptera

2776

26

458.0

3.02

Trichopten

values indicate less stressed

1979-80;

2

diversity!/

conditions.

5
2

1

1

1

Plecopter.

4

3

4

Other

5

5

3*

.l/U.S.

DISCUSSION

7
2
4

Ephemeroptera

1/ Higher

Glllhami/

Oligochaeta

4838

(No./mS)

Station

diversity

Table 4. Rank of densities of benthic invertebrate taxa at the downstream
and Gillham Lake tailwaters and the
Little Missouri River above Lake Greeson.
sampling sites in Lake Greeson

2/e
*

Fish and Wildlife Service, unpublished data.
communication

J Bacon personal
Mostly Coleoptera

Physicochemical properties of the Lake Greeson tailwater were
by the quality of the water in the reservoir at the turbine
intake level, and by local climatic conditions, which influenced the water
quality as it moved downstream. During power generation, water
temperatures at Stations 1 and 2 were similar. During non-generation
however, temperatures at Stations 2 and 3 ranged from 1 to 7 °C and
5 to 8 °C higher than those at Station 1 Paniculate matter was scoured
from the tailwater substrates during periods ofpower generation. Total
organic matter increased by 53% at Stations 2 and 3 and total inorganic
matter by 174% at Station 3 during power generation. During nongenerating periods, total organic matter and total inorganic matter were
about 70% higher at the downstream stations than at Station 1 High
total inorganic matter at Station 3 may also have been influenced by
inflow from the gravel processing plant or from Muddy Fork Creek
that entered the Little Missouri River upstream from the station. Ward
(1976) and Matter et al. (in press) also found that increased flow from
power generation caused the scouring of tailwater substrates and resulted

influenced

.

.

subdominant

above the reservoir, and Oligochaeta,

Diptera, and

Plecoptera at Station 3 in the tailwater (Table 4). Lehmkuhl (1972)
determined that the effects ofreservoir releases on flow, temperature,
substrate stability and food availability typicallydecrease downstream.
However, recovery of the benthic community below deep-release
reservoirs to conditions simmilar to those above the reservoir may not
occur for a considerable distance downstream (Ward and Stanford,
1979). As the reservoir effects diminish downstream, mayflies and
stoneflies gradually become more prevalent (Ward, 1976).

Benthic communities in the tailwater were affected by temperature
and flow variations which resulted from periodic power generation.
However, abrupt changes in the population structure inthe immediate
tailwater were modified by the growth of macrophytes and algae in
response to nutrients released into the tailwater from the reservoir
hypolimnion. Detrital feeders (chironomids and amphipods) were
abundant immediately below Lake Greeson as a result of the algal mats.
Densities of Hydra were also high at Stations 1 and 2, possibly due to
the availability of food from the moribund plankton released from the
reservoir and the prey organisms trapped in the mats of periphyton below
the dam. Decreased variation in the flow and temperatures at Station
2 probably contributed to the presence of Ephemeroptera and
Trichoptera. The periphyton on the artificial substrate samplers at
Station 2 served directly as food for Stenonema and also provided ideal
habitat for the prey organisms of the predaceous Trichoptera.

Comparison of the benthic communities from the lower Lake Greeson
tailwater site and from a site at a comparable distance below an
epilimnetic warm water release reservoir indicates that the invertebrate
populations below Lake Greeson were only beginning to recover to
typical stream benthos communities. InGillham Lake, a small floodcontrol reservoir on the Cossatot River in southwest Arkansas (50 km
w of the Little Missouri River), water is usually released from the
epilimnion. Community diversity in benthos collections made immediately below Gillham Lake, in 1979 and 1980 (U. S. Fish and Wildlife
Service, unpublished data) was low (1.82), because the substrate was
homogeneous as a result of periodic high reservoir water releases.
Substrate heterogeneity and good water quality at the downstream
Gillham Lake tailwater sampling station (15.3 km below the dam structure) supported a typical stream benthic community. Community
diversity indices at the downstream stations in Gillham Lake and Lake
Greeson tailwaters were similar (3.31 and 3.02, respectively). However,
densities and the number of taxa below Gillham Lake (22,240/nv and
44, respectively) were higher and ranks of abundance (Table 4) were
different. Reservoirs with an epilimnetic release have been shown to
be generally less disruptive to the tailwater biota than those with a
hypolimnetic release (Walburg et al., 1981).

Benthic populations at Station 3 were not similar to those at Station
I• Downstream benthic communities were typical of less stressed conditions characteristic of the LittleMissouri River above Lake Greeson.
Benthic invertebrate samples were collected in the Little Missouri River,
37 km above the reservoir from May through October 1980 by E. J.
Bacon, University ofArkansas at Monticello. Ephemeroptera was the
most abundant order of invertebrates both 37 km above and 16.1 km
below Lake Greeson. Trichoptera, Coleoptera, and Plecoptera were

The quality and pattern of Lake Greeson water releases during power
generation adversely affected the benthic communities immediately
below the dam due to temperature and flow variation. However, algal
mats and macrophyte growth provided additional microhabitat for some
taxa. Water temperature and flow variations due to periodic power
generation were substantially reduced 16.1 km downstream, and
benthic communities began to resemble those typical of warmwaier
stream populations.

in streambed and bank erosion.
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